This finding suggests that Hexaplex may be more sensitive than virus culture. Our data demonstrate that Hexaplex is a rapid, sensitive, and specific quantitative test for the diagnosis of infections with these seven common respiratory viruses.
Viral respiratory tract infections are the most common dis-
In cases of acute LRI, rapid diagnosis of the pathogens may be very important for initiating antiviral therapy, stopping uneases affecting humans throughout the world. More than 5 million children under the age of 6 years experience lower necessary antimicrobial therapy, decreasing hospital stay, and reducing management costs [10] . It is impossible to distinguish respiratory infections (LRIs) each year in the United States [1] . Between 50% and 90% of LRIs in children are caused by the cause of viral respiratory infections by their clinical presentation or time of year; therefore, laboratory diagnosis is needed viruses, and viruses are the fourth leading cause of hospitaltreated pneumonia in otherwise healthy adults (Ç5%). Current [3] . Current methods used in the diagnosis of infections with RSV A and B, influenza virus A and B, and HPIV-1, -2, and costs of treating children with LRIs exceed $700 million in the United States [2] . Respiratory syncytial virus (RSV) type A -3 include virus isolation, shell vial assay, antigen detection, and serology [11] . Major limitations of these techniques include and type B, influenza A and B viruses, and human parainfluenza virus (HPIV) types 1, 2, and 3 cause about 80% -90% of viral low sensitivity, low specificity, and prolonged time to completion [11 -16] . LRIs [3 -5] . Infants, the elderly, and individuals with compromised cardiac, pulmonary, or immune systems are at greatest
The development of rapid molecular techniques such as gene amplification (e.g., PCR) has allowed for the detection of small risk of serious complications from these viruses [2, 6 -9] . Currently, these seven viruses may exceed cytomegalovirus as the numbers of viral genomes in clinical specimens. Several groups, including our own, have carried out reverse transcrippredominant cause of death among bone marrow transplant recipients; death rates associated with LRI exceed 50% [8] .
tion patients by means of standard techniques. The specimens were handled and processed as previously described [2, 21] . Virus culture. Primary cynomolgus monkey kidney (CMK) and added to 96-well aviden-coated microtiter plates provided cells (Viromed Laboratories, Minnetonka, MN) were obtained by the manufacturer (Prodesse, Inc.) [21] . Peroxidase-labelled as a suspension culture and were plated one time only. LLCprobe solutions 1 -7 (Prodesse) were added, each to a single MK 2 (rhesus monkey kidney) cells (ATCC) are continuously well. These probes represented highly conserved regions of passaged in our laboratory. The supernatants were immediately the previously described genes. A capture and hybridization inoculated onto confluent CMK cells and LLC-MK 2 tissuereaction was then achieved, and substrate solution was added culture monolayers in 96-well microtiter plates (12 wells/specito each well. men), processed, and identified as previously described [21] .
After 10 minutes the reaction was stopped with 1 N H 2 SO 4 , Supernatants were also cultured in our city virology laboratory and the optical density of each well was measured at 450 nm on five cell lines, as previously described [12] .
on a spectrophotometer (EL311; Bio-Tek, Winooski, VT). The Hexaplex assay. The assay was carried out as recommended positive cutoff value was calculated as three times higher than by the manufacturer and as previously described [21] . In brief, the negative control and §0.400. The number of virus copies viral genomic RNA from 280 mL of frozen nasal specimens (or in clinical samples was determined with use of the absorbance plasmid RNA from positive control transcripts) was extracted.
values obtained from the serial dilution of the external quantitacDNA was synthesized with use of random hexamers, reverse tive standards provided by the manufacturer (Prodesse) [21] . transcriptase, and RNA [27] . PCR amplification was carried External quantitation standards. These were constructed as out by adding Super-Mix (Prodesse, Inc.) and 2.5 U of DNA previously described [21] . polymerase (Perkin-Elmer Cetus, Foster City, CA) to the previously synthesized cDNA. The Super-Mix contained 6 1 / 2 pairs of primers to the seven viruses. These primers were designed Results from highly conserved regions of genetic sequences obtained from Genebank (Bethesda, MD).
Specificity. The specificity of the Hexaplex for RSV A and B, influenza A and B, and HPIV-1, -2, and -3 was first assessed Specifically, this proprietary mixture contained a pair of primers to the hemagglutinin neuraminidase gene of HPIV-1, by a test for cross-reactivity among these seven viruses and then assessed by a test of closely related and common human -2, and -3; a pair of primers to the membrane gene of influenza A; a pair of primers to the nonstructural gene of influenza B; respiratory viruses. One strain each of RSV A and B; influenza A and B; HPIV-1, -2, -3, and -4; adenovirus; measles virus; and primers to the Ib and nucleocapsid genes of RSV A and B. Positive controls (RNA transcripts) and negative controls mumps virus; echovirus; rhinovirus; coxsackievirus; herpes simplex virus type 1; cytomegalovirus; and poliovirus were (water, Hexaplex negative respiratory samples, and viral transport media) were added to each assay. The PCR products were tested by Hexaplex. The results of the RT-PCR portion of this assay are shown analyzed by electrophoresis or enzyme hybridization assay (EHA), as previously described [21] .
in the ethidium bromide -stained agarose gel in figure 1 . As shown, specific bands of PCR product were obtained only for After amplification, PCR products were purified with the QIA quick PCR purification kit (QIAGEN, Chatsworth, CA) RSV A, RSV B, influenza A, influenza B, HPIV-1, HPIV-2, / 9c4e$$ju35 05-19-98 08:13:52 cida UC: CID Sensitivity. RNA transcripts of RSV A and B, influenza A and B, and HPIV-1, -2, and -3 were amplified and detected by Hexaplex. The assay detected as few as five copies of HPIV-3, influenza virus B, RSV A, and RSV B and 10 copies of HPIV-1, HPIV-2, and influenza virus A.
Viral quantitation with Hexaplex. Standard curves were constructed for all seven viruses with use of external quantitation standards. Serial dilutions were run in duplicate and averaged. All of the viruses could be quantitated over a range of 2 -4 logs (figure 2). Many clinical samples (especially RSV A or B) would require dilution for exact quantitation. Clinical samples were quantitated over six logs.
Detection of dual infection by Hexaplex. Samples containing mixed viral RNA of HPIV-1 and influenza A, HPIV-2 and HPIV-3, HPIV-2 and RSV B, and influenza B and RSV A were amplified and detected with the Hexaplex assay. The results of the RT-PCR portion of this assay are shown in figure  3 . As shown, two specific bands of PCR products were found in each sample tested. For each mixed-virus RNA, the completed Hexaplex results (i.e., EHA absorbance values) agree with the agarose gel result. 
Detection of RNA of RSV A and B, influenza A and B, and

Discussion
The major causes of viral LRIs in the United States and throughout the world are RSV A and B, influenza A and B, and HPIV-1, -2, and -3. In addition, these viruses cause significant morbidity and mortality in adult immunocompromised populations. Conventional techniques for the diagnosis of all seven of these viruses are limited by sensitivity, specificity, or speed. For a diagnostic method to be clinically useful and cost-effective, it should take hours, not days.
RT-PCR assays are sensitive (78% -100%) and specific viral pathogens in a single clinical sample was developed. The purpose of this study was to determine the analytical and clinical sensitivity and specificity of the Hexaplex for de- 5  1  1  0  2  13  1  23  22  Female  6  2  1  3  0  1  1  14  10  Total  11  3  2  3  2  14  2  37  32 NOTE. HPIV Å human parainfluenza virus; RSV Å respiratory syncytial virus. * These three patients were all acutely ill with chronic heart and lung disease and developed an increased respiratory rate and effort; they were thought to have an acute lower respiratory infection when the Hexaplex was performed. The final diagnoses were viral URI (upper respiratory tract infection) and otitis media (OM), viral encephalitis and URI, and OM, respectively.
† Average age (range); actual ages are given for categories with only two patients.
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